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InEoduction

This year has seen the third successive exceptional season, each more exceptional than the
last. ThJ autumn and spring augured well but the extreme drought of the summer was
not effectively broken until the end of the first week of September- Subsequently the
weather remained mainly wet, with severe frosts before the end of the year. ihesecon-
ditions generally affected yields more than did disease, spring-sown cereals and potatoes
being most seriously affected. Oncr again potatoes had an especially difficult year, with
low yields and all the phetromena of'second growth' rendering cv. King Edwird a[ but
useless (p. 271), For the second successive year this variety grown to supply seed for
Rothamsted experiments has had to be rejecrcd because of exceptional spiead of virus,
a result in part of the resistance of the aphid population to organo-phosphorus insecti-
cides (p. 276). Investigations on bacterial soft rot suffered from the dry seasoo, as might
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have been expected, no spread in soil being detected tfuoughout thc s€ason until the onset

of rain in September (p. 271).
The drought offered an unusual opportunity to study aspects of the spread of barley

leaf blotch, which showed that spread can occur following very small amounts of rain, the
resulting lesions occurring mainJy in leaf axils (p. 259). Pyrenopeziza teaf spot of oil seed

rape, like barley leaf blotch a splash-borne disease, also demonstrated its ability to
develop in spite of the drought thus underlining its Potential danger in more normal
seasons (p. 270). The increase in this disease associated with treatments with the herbicide
dalapon was confirmed (p. 270).

The work on these two splash-borne diseases reflects an increasing interest in this gouP
of diseases which are of importance particularly in cereal production. Field work on
these will be augmented in the coming year by work in the new rain tower and wind tunnel
with the help ofPhysics Department. The work will concentrate initially on the movement
in cereals under controlled conditions of spores of cereal pathogens, with emphasis on
those that are splash-borne, in order to improve our knowledge of epidemiology and
henc€ our ability to cootrol them. The physical attributes of cereal and other plants and
of crop canopies and the efect of these on movement and deposition of droplets and
particles within crops will be studied and it is confidently expected that the information we

expect to gain wiu find application in areas other than plant pathology.
The possibility of combining the beneficial effects of take-all decline and the ability of

some members of the GaeunatnomyceslPhialophora complex to decrease take-all is

reported (p. 262) and encourages us to expand our investigations on biological control in
pala[el with continuing studies of take-all and its epidemiology. We have evidence that
direct drilling has little effect on take-all on two sites but that on one of them where it
dccreased eyespot by 501in t975, feuer plants again had eyespot in 1975 (p. 264)-

Last year's prediction that there would be little infection of rvinter'sown cereals with
barley yellow dwarf virus was borne out in practic€ but neYertheless insecticides increased
yield (p. 256). In spring barley, later sowings had larger number of aphids and four times
as much virus infection as earlier sowings and 36f less yicld- Unusually variable results
in fungicide experiments reported in 1975 are explained by interference by plots treated
with triadimefon which is now known to be active in its vapour phase against mildew
(p. 259). Yield of spring barley was increased most by fungicides when nitrogen was

applied early (by I t ha-l at 90 kg N ha-r). Plots without fungicide had a lower maximum
yield with more nitrogen (p.258). Variety mixtures for mildew control were tested a
second year and although some showed less mildew than the component varieties, yield
benefits were not large (p. 258).

Among the grasses and forage crops most effort was applied to virus diseases of
rycgrass (p. 265), but clovers received some attention also. Red clover necrotic mosaic
virus has been identified in several crops of red clover and the possibility of its being
seed-borne is under investigation (p. 266). A 'new' virus of oats which strongly resembles

a soil-borne virus of wheat not recorded in Britain is under investigation (p' 256), and
another unusual virus of sugar beet has been shown to be seed-borne and transmitted
through both owle and pollen (p. 251).

Because of the intercst in grain legumes, their disease problems are being investigated
in anticipation of an expanded acreage (p. 268). Insecticides reduced the spread of field
bean viruses in unrogued crops in 1975 but failed to decrease infedion in seed progeny.
The benefits of roguing are under investigation (p. 269).

Gangrene remains the major obstacle to improving the health of the potato crop. We
are seeking to improve our techniques itr attempts to identify sources of infection and
thcir rclative importance in the re-infection of stem cutting material, whose anticipated
bencfits in seed health have yet to be achieved. Improvement of fungicide e{ficiency

zfi
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remains one of our aims, but the low level of gangrene in our experiments has hindered
progress (p. 273).

Properties of viruses and virus diseases

Uncoating of tobacco mosric yirus on the ccll surface. It is known that iniltrating TMV
into the intercellular spaces of susceptible plants does not cause infection provided the
cells are not wounded. When TMV at 100 pg d-r was so infiltrated into Nicotiaru
tabacum cv . )Xarrlhi-nc (0'5 ml virus solution g-r leaf) about half of the virus disappeared
in 24 h suggesting that the virus was uncoated and the RNA inactivated. The loss of
virus was demonstrated both by infectivity tests and by counting virus particles in the
electron microscope.

Wlren leaves of Pi oseolus vulgaris, immune to infection with TMV, were inoculated by
rubbing with 100 pg ml-l TMV, 50-701 of the adsorbed inoculum lost its infectivity in
24 h. In this case we do not know how much virus entered the cells or was adsorbed on
the leaf surface. Leaves dipped for 3 min in 100 pg ml-r of TMY and washed, adsorbed
a similar amount of virus on their surfact as when rubbed and between 50 and 70 f of the
inoculum was lost within 24 h. The decrease in infectivity ofthe adsorM inoculum was

less in leaves kept in the dark than in the light. Ifan enzyme is responsible for uncoating
the virus, it is possible that its activity is less in the dark when protein hydrolysis takes
place. (Kassanis and Kenten)

Inhibition of TMY multiplication by rebbit serum. The multiplication of TMY in tobacco
protoplasts \vas almost completely inhibited when normal rabbit serum was added to the
incubation medium at dilution up to about l/300, depending on the individual serum.
The inhibition was not caused by the globulin or albumin fractions ofthe serum but by a
component that is denatured when stored unfrozen or heated at 56'C for 30 min. Virus
multiplication was inhibited when serum was added up to 7 h after inoculating the
protoplasts but not after l0 h. There is a strong affinity between the serum component and
the plasmalemma of the protoplast because virus inhibition octurred even when the
protoplasts were washed with a mannitol solution after exposure to the serum for 1 min.
The inhibiting effect was partly reversed by adding 3G40 mrrr-CaClz to the incubation
medium in which I 0 mx-MnClz is normally pres€nt. It seems that one of the effects of the
serum component is to immobilise Ca2+ needed for proper physiological functioning of
the protoplasts or the multiplication of TMV or both. (Kassanis, White and Woods)

Cryptic virus of sugrr beet. Last year we described a spherical virus, 30 nm diameter
which rvas present at lorv concentration in N/" of sugar-b€et plants although they
appeared normal. Purified preparations of the virus gave one sedimenting boundary of
I l8-l2,tS in the anal)'tical ultracentrifuge and three bands in CsCl gradients with buoyant
densities of 1.36, 1.37 and l'38 gml-r, suggesting the presence of more than one virus. To
verify this we cloned individual plants by rooting l5-20 cuttings taken from a large root
and purified virus from each of several such clones. These purified preparations gave one,
two or three bands in CsCl gradients suggesting that at least three diferent seed-trans-
mitted viruses or strains can be found in symptomless sugar-beet plants.

We have transmitted one or more of these viruses by grafting infected roots onto
healthy roots but not by mechanical inoculation. To find out if the viruses are trammitted
by pollen, Professor G. E. Russell, at the University of Newcastle upon Tyne, has inter-
crossed some ofthe plants variously identified last year as virus-free or infected. All plants
grown from seed obtained by inter-crossing infected plants were infected and all those
obtained by inter-crossing healthy plants were healthy. Crosses between healthy and
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infected plants showed that the virus was transmitted through both ovule and pollen.
(Kassanis, White and Woods)

Vir[s dlsersB of tlopicsl croF

A firus disease of cocoa in N. Sam ra. A disease ofcocoa in N. Sumatra, which causes
leaf symptoms in the local cocoa ranging from a clearing of the major veins to a more
complex mosaic pattern, has been transmitted by grafting and by the mealyblg plano-
coccus citti. Bacilliform particles (139 nm long; 30 nm u/ide) similar in size and shape to
those of cocoa swollen shoot virus were found in preparations from diseased leaves
suggesting that the disease is induced by infection with a virus ofthe cocoa swollen shoot
group. Infected West African Amelonado seedlings show only mild mosaic leaf symptoms
but some local Trinitario seedlings from Ghana developed a severe mosaic suggesting
that they were intolerant ofthe virus. (Kenten and Woods)

Yirwes i$ecthg anocacha (Arracrcia xrn&orhiza). A mosaic disease of arracacha in
Peru may be caused by virus infection. Two viruses, provisionally named arracacha
viruses A atrd X have been isolated from gxtracts of diseased leayes. Both viruses are
readily transmitted mechanically and infect many herbaceous species, virus A often
inducing chlorotic or necrotic rings on itroculated leaves. Purified preparations ofvirus A
contain numerous particles c. 26 nm in diameter with a hexagonal profile when mounted
in neutal phosphotungstate. The virus sediments as three components with sedimentation
coefficients of 50S, 92S and l25S and buoyant densities at pH 7 in CsCl of 1.306, 1.439
and I .521 respectively. The absorption spectrum of the 50S component was typical of a
protein while spectra of the other two components resembled those of nucleoproteins.
All three components contained a single protein subunit of mol. wt. c. 5.6 X 10.
The properties of virus A suggest ttrat it may be a member of the NEPO goup but it did
not precipitate with antisera to the known common NEPO viruses. (Kenten, with Dr.
R. A. C. Jones, International Potato Centre, Peru)

Strains ol peppu winal not e virus from solaiaccor,s crops ia ll. Afica. Strains of
pepper veinal mottle virus (PVMV), a potyvirus first found infecting peppers in the
eastern region of Ghana (Rothamsted Report lor 1970, Pan l, 124) have been found to
cause diseases of tomatoes and peppers in Nigeria and garden egg plants (Solanum
melongma) in Ghana. Four strains, one each from infected tomato, pepper (Nigeria),
garden egg plant and Solanum integrifolium (Ghana) have been studied. All were trans-
mitted in the non-p€tsistetrt manner by Myzus persicae. The virus strains were very
similar serologically, but were readily distinguished by their differential reactions to host
plants. For example, the S. melongena strain failed to infect peppers or tomato€s. The
S. melongma cultivar Moneymaker could not be infected rvith any of the virus strains
even by grafting and may be immune, suggesting the possibility of genetic control of
PVMV infection it S. melongena. (Kenten, with Dr. A. A. Brunt, Glasshouse Crops
Research Institute)

Yinses of laro (Colocrsi! escnlento)

Trarum*sion ud cauc of alomu, Taro on Malaita affected with the lethal alomae
disease contains two bacilliform virus particles of different sizes (Kenten & Woods,
PANS (1973) 19, No. l, 38-41). The smaller particle may be latent in all field-grown
alomae-susceptible cultivars and its multiplication 'triggered' when the large particle is
itrtroduced by the plant-hopper Tarophagus proserpina, inducing alomae symptoms
associated with the two vintsf';s (Rothamsted Report fot 1975, Pefi l, 24r. Further
252
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transmission tests in the Solomon Islands and at Rothamsted have failed to induc€
alomae symptoms on field-grown susceptible cultivars using hoppers fed on plants
containing only the large particle. Tests using virus-free seedlings and tissue-cultured
plants have confirmed the previous conclusion that hoppers transmit only the large
particle.

The cause of alomae is still not couclusively proven since two plants infected with both
viruses did not develop alomae symptoms at Rothamsted. This may, however, merely
reflect an environmental efect on host/virus interaction.

Trattsmission choaaeristics of the larye paticle , Hoppers acquired the virus in a
rninimum of three days and became effective transmitters within 15 days. The virus was
not transovarially transmitted. Only 5 fl of hoppers caught in the field but over 50 % of
those fed continuously on a virus source plant for 2l days transmitted the virus. Both
males and females were equally efrcient vectors.

New rccords. Small bacilliform particles were found in taro exhibiting alomae
slmptoms from Choiseul, in stunted taro with necrotic leaves from Fiji arLd it Xantho-
roma (an aroid related to taro) with chlorotic, puckered leaves from Raratonga. (Dabek)

Mscat a disease o/ F'urcreer spp. ia Colombia. Spherical virus particles measuring
c. 30 nm have been seen in macana-affected but not in healthy Furcroea mauophylla
(Agavaceae) plants from Colombia, South America (Ro thamsted Repo for 1975,panI,
245-6). ^I\e virus has been transmitted mechanically to 15 of 26 F. rna$oph1.lla test
plants and produced typical macana symptoms, confirming it as the causal agent of the
disease. The successful inoculum consisted of particle preparations made by butanol-
treatment and differential centrifugation of infected Furcraea sap. Crude sap, neat or
diluted to l0-1, did not infect 20 .iq'. macrophylla test plants possibly because of the
presence of inhibitors. A range of herbaceous plaots from families other than Agavaceae
developed no symptoms after inoculation with the purified virus and no particles were
detected in their tissues by electron miscroscopy.

Purified virus preparations show a single component in the anallical ultracentrifuge
with a sedimentation coefficient of [265. The buoyant density in CsCl, 1.384, suggests the
particles contain abo,rt 20% RNA. Acrylamide-gel electrophoresis iDdicated that the
virus was composed of single-stranded RNA, mol. v/t. 1.33 x lOe and a single typ€ of
protein" mol. wt. 4 x 104. These combined properties are different from those of any
well-characterised pladt virus but some features are common to carnation ringspot,
tomato bushy stunt and turdp crinkle viruses. Serologically the virus was unrelated to
these tlree viruses and brome mosaic virus. (Dabek and Carpenter)

Mycophsma and firus infections a/ Ipomrea brtatas irr tle Solomot Islar.ds. Two
diseases of lpomaea batdtas (sweet potato) characterised by witches broom and little leaf
symptoms (WBLL) are known in the Solomon Islands. One afects the cultivated sweet
potato, cv. Gina, on Guadalcanal and the other a weed form oD Malaita. Both are
associated with mycoplasmalike organisms (MLO) which seem to be causal since
symptom remission occurs after treatment \vith tetracycline but not penicillin. The two
MLO may be different strains or species, however, since the diseased weed can induce
WBLL synptoms when grafted to healthy cv. Gina but no symptoms have occurred on
the healthy we€d after grafting with naturally infected cv. Gina. Both the diseased cv.
Gina and weed however, also contain virus particles which seem to cause no obvious
symptoms.

Diseased cv. Gina often contains a long rod-shaped virus 783 * 25 nm. It is trans-
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missible mechanically to Chmopotlium amaranlicolor aad C. qurnaa (ocal lesion response),

by gafting to at least three swe€t potato cultivars atrd lPomaea setosa, bvl not by Myzus
persicae or Aphis gossypli. The partially purified virus did not react with aotisera of sweet
potato mild mottle (Hollings et al., Annols of Applied Biology (1976) C2, 5l l-528,) and
seems to difer from other sweet Potato viruses recorded so far. A spherical virus c. 50 nm
in diameter and undetectable by electron microscopy of negatively stained leaf sap was

also present in the partially purified rod preparations.
The diseased weed also contains a spherical virus particle c. 60 nm in diameter trans-

missible by gafling to I. setosa ia which it is detectable by electron miooscopy. This
phlo€m-restricted virus was not sap transmissible to a range of herbaceous indicator
plants even after partial purification. (Dabek)

Bioileterioradon

The quality of stored agricultural produce may be $eatly decreased by moulding'
Appearance and food value may be affected, germinability may be lost and in addition the
spores of micro-organisms causing the spoilage may produce disease in man and animals
through allergy or infection and some fungi may produce toxic metabolites. Our work
concerns the identification of the moulds, the sourc€s from which they come, conditions
of storage that favour their growth and chemicals to prevent moulding.

Microflorr .rtl grrin qurtity. Cereal plants may be colonised by a wide range of micro-
organisms befori harvest in addition to recognised pathogenic fungi. Some of these may
discolour the ear and aflect flour quality. Others may provide inoculum ofspecies causing

deterioration in store.

Dwittg ipeniry. Although not detected in the ears of spring or winter-sown wheat

before imergence from the leaf sheaths, micro-organisms, maioly bacteria, yeasts,

Hyalodendron, Verticillium, Alternaria, Aureobasidium, Cladospor tm, Mycelia sterilia,
Fisarium, Artfuinium, Acremoniella and Botylis were found a few days afterwards. As
ripening progressed their numbers increased geatly and small numbers of 'storage

fungi' were found close to harvest. The grain microflora was modifled by applying pro-
tectant and systemic fungicides at grovth stages l0'0, I I '0 and I l'4 or at two or more of
these stages, with or without tridemorph and benodanil sprays against mildew and rust.

Captafol-was most effective in controlting the grain surface microflora and triadimefon
wai least effective with benomyl intermediate. Also, captafol was the only fungicide
significantly to reduce numbers of bacteria. However, yields were depressed by droutht
and no increases in yield or germinability in response to fungicide treatment could be

detected. Tridemorph sprays decreased mildew better on spring wheat but triadimefon
applied at growlh stage l0 gave good control of the disease on the flag leaf. Benomyl

supplementld the effect of tridemorph in controlling mildew on winter wheat when it was

appiieO at $owth stage 10. Other pathogens were few. Altering the microclimate of the

eii ty ir.igition and lodging increased the incidence of Fusarium and Penicillium species

on spring wheat grain but rate of application of nitrogenous fertiliser to the crop had
little effect. Fungi common on grain stored too damp were more frequent on gmin from
lodged, irigated crops than from crops supported to prevent lodging.

Microfura of stoml bmley. Fungi that colonised the grain before harvest, e.g. l/rer-
naria, Cladosporium, Epicocatm, Fusarium atd Hyalodendron, continued to suPply half
the viable propagules in grain stored four months with l7'5% water content or less.

However, no 'field fungi' survived in stored grain containing l7'8%' atef, or more after
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four months. OnIy grain harvested with a water content of 20.9 Z; heated spontaneously
during storage, to a maximum temperature of 36.C. Spoilage was rapid'and thermo-
philous fungi including Aspergillus fiavus. A. candidis, pinicillium capsulatum arid
P. piceum became numerous. The species of Aspergillus and penicillium isolated and
their abundance was correlated with gmin water content. Grain containing 16.6 id water
or less showed no detectable deterioration after four months storage.

Efect of.pre-hanest langicidal tearment on storage microforu. Small quantities of
g{ain (l kg) were stored in Polythene bags at a range of temperatures (5; 10, 15 and
20"C) with an initial water content of l9 f. The microflora was assessed aftir'fivemonths
and the counts of viable propagules following storage at 5"C are shown in Table I
Yeasts were significantly fewer in grain treated before harvest with benodanil and
betomyl, Aspergillus yersicolor was decreased by all four fungicides and numbers of
Cladosporium were reduced following captafol and benomyl treatments. Captafol,
benodanil and benomyl also decreased numbers of penicillium-verrucosum. (Hillj

Microfora ol cereal gruin ftom lraa. Grain samples from regions of Iran where oeso_
phageal cancer is common, contained few micro-organisms unleis they had been stored in

TABLE I
Residual efects of fingicides applieil to barley during ripening on microfora during

storage at 5" C
Treatment

TR CA BA BE0 (propagules 8:r gah x tf)
Standard
error of

diflerenccColony type
Total fungi
Yeasts
Asperg illus yersico lor
Cladospotiu spp.
Pe n i c i I I i um t)e rrucosum

nt 780.5 0.50.4 0.3
0.1 0.0n46f

51 80 99.90.1 0.t o.290.3 0.3 0.470.r 0.0 0.09$ 77 99,2

lt0
0.8
1.3
0.2

104

fel.. Treatrnent, crop sprayed three timcs betwcen heading aod barvest with:
I R, tndcrnorph: or CA, captafol; or BA, beoodanill or BE, beoomyl.
0, uosprayed co[trol.

underground pits. Aspergillus restrictus was then common. No toxic fungal metabolites
could be detected in any sample. (tacey, with Lord, Chemical Liaison Unit and Mr. A.
Hacking, ADAS, Shardlow)

Ihe rir spora of cottor mills, As part of an Employment Medical Advisory Service study,
periodic air samples have been taken in a new iotton mill in N.E. Enghnh over a period
of two years to identify and enumerate airborne fungi, actinomycetes]bacteria and other
qu-tt. gp to 4-4 x lff fungus spores, 1.2 x lOs .actinomycete 

spores + bacteria',
8.3 x 106 cotton fibres and l.l x l0? dust particles m-s air wire found. Most air-borne
particles of all types usually occurred at locations where bales ofcotton were opened with
fewer at sites of subsequent processing; but cotton fibres were often numerous around
speed and ring frames. Gram-negative bacteria predominated with largest numbers at
bale-opening, scutching and weaving sites. The most numerous fungi we-re Cladosporium
spp., Penicillium spp., Aspergillus versicolor arrd A. niger. Actinomycetes included
Actinomadwa dassonv illei, Streptomyces spp., Thermoac tinomyces wlgiris arrd Micro-
polyspora faeni, but their numbers were usually small. Howjver, on one occasion M.
faeni ar.d, T. vulgaris were oonmon in the air at bale-opening, icutching and carding
sites. Even greater numbers of M. faeni were found in a single 

-set 
of samiles taken in i
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Lancashire mill. Here there were up to l'2 x 106 fungus spores, 2'3 x 100 'actino-
mycete spores + bacteria', 5'7 x 105 cotton fibres and 4'7 x 106 dust particles m-3 air.
M. faeni wasby flr the most numerous organism and was common in the factory tbrough
to the sp€€d-frame stage ofprocrssing. (t acey)

Cereal discases

Berley yellow dwarf virus (BYDV)
Inlectbe ophitb. Fewer cereal aphids were infective than last year and although the

first itrfective aphid was, as usual, R op alosiphum padi, it Ytas caught on 28 May, 13 days

later than last year. Aboul3% of a,late Macrosiphum (Sitobion) avenae,4/o of R. padi
and l)( of Metopolophium dirhodum, b:ut no M. festucae or R. inserlum, transmitted
BYDV to test plants. Because of its greater number M. (S .) avenae was lhe most frequent
vector.

llhter ceresls. As predicted last year (Rotiamsted RePort lor 1975, Parl l, 250) there
was little infection of winter-sown cereals and no difference in virus infection between

crops sown on different dates. Therefore increases of 6/" in yield 'of October and Nov-
ember-sown oats, cv. Peniarth, and of 7-8 /o in September, Octob€r and November-sown
wheat, cv. Cappelte-Desprez, when treated with phorate at dfilling, were unexp€cted.

Because of the dry winte;the Phorate appears to have had an effect on aphid im'nlerants
the following spring. There were twice as many aphids on untreated as on treated wheat

in early Juni, ind aO/. more when aphids were most trumerous. In contrast a spray of
menazon on 7 May did little to affect a later increase in aphid number and only increased

yield by 2\.- 
Although fewer were infective many more aphids fed on winter wheat, some untreated

crops having more than lm M. (S.) avezae per ear, so little of the increase in yield can be

attributed to prevention of infection by BYDV. (Plumb)

A 'new' yirus of orts. In April, the characteristic lenticular chlorotic lesions ofoat mosaic

were found on almost everyplant of winter oats cv. Peniarth in two fields totalling l0 ha

near Cranbrook, Kent. Electron microscopy of sap showed, however, not only oat
mosaic virus (OMV) but more numerous particles of another virus. In contrast to OMV
which has slightly flexuous particles 700 x 12 nm the second virus had tubular particles

of two lenglhi, 150 and 300 x 20 nm, with four times as many short as long particles.

When the crop was in ear, patches of Plants, often in poorly drained areas, showed

striking brighi yellow stripeJ on the flag and second leaves, while symptoms of oat
mosaiC were difficult to find. These stripy ptants contained large amounts ofthe tubular
virus. The virus was manually inoculated to oats cv. Blenda but further transfers were

decreasingly successful until no further infection occurred. None of the manually in'
oculated plants contained OMY and the concentration of the tubular virus was less than
in natural infections.

The striped leaves and the associated tubular virus seem identical rvith those formerly
reported fiom Devon, also in association with OMV (Macfarlane, Jenkins & Melville,
Piant Pathotogy (1968) 17, 167-170) and then likened to tobacco rattle virus. Oats, cv.
Powys, grown under cool conditions this year in soil collected from that site in 1967 and
stored dry at 5'C, developed mosaic and stripes and contained both OMY and the
tubular virus. Manual inoculation of sap from these plants caused local lesions on
Chenopodium amaranticolor, Nicoriana tabacum ar'd N - clevelandii. Trtbulat particles were

found in the lesions but virus multiplication seems limited and much affected by environ-
ment. OMY was also found in winter oats, cv. Maris Osprey, showing mosaic symptoms,
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from Newport, Salop. Zoosporangia of Polymyxa graminis, the probable vector of
OMY, were found in the roots which were then placrd in water together with oat seedlings
as bait. Of six seedlings, three eventually showed mosaic symptoms and contained OMV
particles. Surprisingly, the tubular virus was also found in some leaf samples from the bait
plants. Previously, when we first obtained oat mosaic virus from another Deyon soil, a
similar tubular virus was occasionally found.

Morphologically the virus srongly resembles soil-borne wheat mosaic virus (SBWMV)
which is transmitted by Polynyxa gramtn ir but is not recorded from Britain and has not
been found to infect oats. Survival of the oat tubular virus in dried soil, its occurrence in
wet areas, association with OMV and similariry to SBWMV suggest that it may be
transmitted by a zoosporic fungus, possibly Polymyxa graninis. (Phtmb and Mac-
farlane)

Efrects of sowing dates on pethogerc. A replicated, factorial experiment in which spring
barley, cv. Julia, was sown on 4 March and 13 April, tested the effects of insecticide
(phorate to the seed-bed and a menazon spray on 4 June) and fungicide (ethirimol seed
dressing plus tridemorph sprays on 27 May and 7 July, the latter only to late-sown
plots). Mildew quickly became more severe on the later than the early sowings. Late-sown
plots also had nearly four times as many plants infected by barley yellow dwarfyirus on
14 June (although maximum infection was only l0/.) and twice as many aphids through-
out the season, as those sown early.

On average the late-sown plots yielded 36% less than the early-sown (3.30 and 5.15 t
ha-l respectively). Both phorate and menazon decreased aphid number and virus in-
cidence. Phorate increased yield more than menazon on the early-sown barley but the
reverse was true on the later sown plots, possibly b€cause the dry conditions following
late-sowing restricled uptake. Mildew was much decreased by the fungicides which
increased yield of early and late-sown barley by similar amounts. However, proportional
responses to all chemicals were larger on the late-sown barley. (Plumb and Jenkyn)

Ilterference betweetr plots in fiell experiments. Further information on the extent to
which interference between plots may affect results from experiments with pathogens,
slu,ch as Erysiphe graminis, which have easily dispersed spores, has been obtained from a
field experiment using a 'serially balanced' design (Rothamsted Report for 1975, Part I,
133). Such designs allow the modilying effects of left-hand and right-hand neighbours of
each treatment to be separately estimated. In our experiment, plots were either untreated,
sprayed once on 18 May or 27 Mz-y or sprayed three times on 18 May, 27 May and 7
June. The results have not yet been fully analysed but yields showed strong evidence of
regular variation across the site and appropriate adjustments were made by covariance.
Yields were significantly afected by neighbours to the east and, to a smaller extent, by
neighbours to the west. The plots sprayed on 18 May were most affected and lelded
4.48, 4.77 and 5.10 t ha-r, where neighbours to the east were respectively untreated,
sprayed on 27 May and repeatedly sprayed. (Jenkyn and Bainbridge, with Dyke, Field
Experiments Section)

Powdery mildew on barley
Wbter buby. A factorial experiment tested the effects of tridemorph (to control

E. graminis) applied at different times to winter barley (cv. Astrix) sown on 24 September
or 6 November at 78 or 156 kg ha-r. The tridemorph sprays were applied during winter
(14 November and 25 February to the early- and late-sown barley respectively), early
spring (9 April) or late spring (14 May). Nitrogen at 75 kg ha-t was applied on 9 March
or 27 April.
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Mildew was prevalent during late autumn and winter on the early'sown barley (c' I and
171of the leaf area infected on unsPrayed plants on 1l November and 12 January
respectively) and was much decreased by tridemorph. The late-sown barley did not
emerge until January and little mildew was recorded until early spring. On 5 April, both
early- and late-sown barley had c. 5 % of the leaf area affected by mildew. Later, however,
the early-sown plots had much less disease than the late-sown (12 and 24 /o respectively
of the area of the top three leaves on l6 June).

The average yield of early- and late-sown plots was 7'90 and 4'42 tha-r respectively.
Seed-rate had little eflect on yietd but nitrogen applied in April gave better yields than
that applied in March. Tridemorph applied in winter (14 November or 25 February) or
early spring (9 April) increased leld of both early- and late-sown crops but the late spray
(14 May) had no significant effect on the yield of either. (Bainbridge, Finney and
Jenkyn)

Sping ba ey. The mild spring provided almost ideal conditions for the growth of
E. graminis and, in many unprotected crops, the disease was severe by the end of May.
Subsequently, however, the hot, dry weather hindered the development of the disease so

that itwas only on very susceptible varieties that it remained severe throughout the

season.

Elects on yiekt. As in 1975, spring barley (cv' Zephyr, sown 22 March) showed a

greate. response to increasing amounts of applied nitrogen Y,'here tridemorph was

ipplied to tontrol midlew than in untreated plots. Yields were greater where nitrogen
was applied soon after sowing (1 April) or as a split dressing (half on 1 April and half on
2l May) than where it was all applied as a top dressing on 2l May but response to
increasing amounts of nitrogen applied late was surprisingly good in such a dry year.

Averaged over these different times of applying nirogen, the best yield from fungicide-
fieateJ plots 15.05 t ha-l) was obtained with 90 kg N ha I and it was with this amount of
nitrogen that tridemorph increased yield most (by over 1 t ha-r). The average eflect of
tridemorph in this experiment was to increase yield by 0'68 t ha-1. Untreated plots needed

ll0 kgN ha-lto giye their best yield (4 '24 t ba-t). (Jenkyn and Finney)

Vaiety mixtues. In 1976 we continued, for the second year, co'operative work with-

Dr. Martin Wolfe of the Plant Breeding Institute, Cambridge, on the development of
mildew in barley crops sown with mixtures of varieties containing different resistance

genes. Further details can be obtained from the Reports of the Plant BrcedW Institule

for 1975 and 1976.
In an experiment at Balsham, near Cambridge, fewer spores were deposited on sticky

cylinder traps above plots ofcv. Tern than aboYe plots of Midas or Hassan (total number-s

of spor"., iccumulited from 24 May to 5 July were c. 6900, 8300 and l0 800 cm-2,

respectively). Catches above plots sown with I :l mixtures of Hassan and Midas, Tern
and Midas, or Hassan and Tern did not difer from the mean of the catches above the
component varieties grown separately. However, catches above a Hassan-Midas-Tern
mixture were smaller by about l0% than the meatr for the compotrents.

At Rothamsted, pure stands of Hassan, Midas, Wing and Lofa Abed were compared
with a mixture containing equal proportions of these four Yarieties' Estimates of disease

on 19 May and subsequently showed that mildew in the mixture was consistently less

severe than the mean of the component varieties (mildew in the mixture ranged from
c. 4a-$0% of the components mean). The mixture lelded 4'01 t glain ha-l, very little
more than the highest yielding variety, Wing (3'95 t ha-l) but c. 5 f more than the mean
yield of the component varieties. (Jenk1'n and Mawby)
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Obs€rntions m Rhynchosporium secdis
Yrabrhty 9! yores. I hen spores washed from plants either sprayed with paraquat or

unsprayed (Roriozsted Report for 1975, Part l, 258) were counGd ; small numbei were
found to have germinated before removal from the plants. These were recorded over a
period of five weeks and included spores washed from both sprayed and unsprayed
plants. No significant differences were found between any of the tieatments.

In early January suspensions of spores from unsprayed plots and ptots sprayed with
paraquat eight weeks and five weeks previously, adjusted to equal concentrations, were
serially diluted and used to inoculate plants of cv. Maris Ot1er. The mean probable
number of viable spores was calculated to be very sma[. There was no difference inyiability b€tween unsprayed volunteers and those sprayed five weeks previously but
significantly fewer spores were viable on volunteers sprayed eight weeks previously.

Weekly assessment of viability of spores washed from stubble aud volunteers siowed
that between mid-August and mid-October the viability of spores from stubble was in the
lange 0.2-2.7 % ar.d of spores from volunte€rs in Octob€r, O.l-2.2\.

Sp!"!d: A comparison was made between the number of lesions developing on plants
(c,. Maris otter) in pots placed in a crop of the same variety or at the centri of iircles
(diameters 0. 5, I . 0, I . 5, 2. 0 and 2. 5 m) from which the crop hid been cleared. plants were
removed when rain ceased so that conditions of drying weri comparable. Although there
were 22 rain_days between early May and late Juty spread *ai detected on oily four
o^ccasions. The steep€st dispersal gradient was found fo[owing the geatest r;infalt
(3f 11) whgn plants exposed in the crop developed 175 lesions-and th'ose in 0.5, 1.0,
1.5.2.0 and 2.5 m circles developed 147,35, ll,7 ind 2 lesions respectively.

The time interval between infection dates enabled new lesions on tle crop to be
correlated accurately with the occasion when spread occurred. New lesions found on
9 June resulted from spread on 20 May when there were two showers (0.5 mm) in the
early evening. On 250 stems examined, c. 401of lhe top three leaves were infected in
the leaf axils while less thao. 4% had leaf-blade lesions. rtese figures suggest that many
infections can follow very small amounts of rain especially oi ptant !-arts on whicfr
moisture tends to persist.

spore atmbcrs on infected leaws. Ietkln and Griffiths (Transactions of the Bitish
Mycological Society (1976) 66, (2)) suggested that changes in the amounis of carbo_
hydrate and nitrogen in ageing leaves may influence sforulation of R. secalls. The
transitory increase in spore numter on infected leaves sprayed with paraquat (Rolr_
atnsted Report for 1975, Part l, 258) may be a result of theie ihanges. In moit summers
new. Iesions develop- frequently on field crops so that sporulation of single lesions cannot
easily be monitored. The summer of 1976 provided ixceptional cond-itions. Following
infection occasions on 13-14 April and 20 J\4ay newty infected leaves each with a singli
lesion were marked with coloured wires and a sample bf each was removed each week ior
spore.counts. Lesions following the second date were all in leaf axils. Following the first
infection date peak sporulation occurred when the leaves were almost dead; n6 marked
peak was recorded on leaves infected at the later date. (Stedman)

Fmgicide on sprirg rtrd winter whe{t Last year we reported a randomised experiment otr
spring wheat (cv. Kleiber) which tested a number of foliar fungicides (RotI amsted Repo

fo-r-1975_, P_art l, 252)- including triadimefon. This fungicide significantly increased yields
although the rcsults_from the experiment were unusually variible. Subsequent examina_
tion of the mildew data showed that much of the variability in disease could be related
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to the proximity of plots to other Plots sprayed with triadimefon. Untreated plots, for
example, had ti, S inO I I mildew, on ihe top two leaYes oo I August 1975, wher€

neither, one or both of the-neighbouring plots, respectively, received sprays of triadi-
mefon. Such large efects of triadimefon on neighbouring plots appear to be -due to
considerable vapour phase activity, recently demonstrated by the manufacturers (Bayer)'

(Jenkyn and Bainbridge)' 
Winter wheat (cv. -ama) sown on 6 November was treated with 'U-34910' (Upjohn

Ltd.) applied as i seed dreising, or with sprays of 'ME-125' (Merck, Sharp and Dohme),

triadim;ion or wettable sulphur. Sulphui was included because, although it is used on

cereals in Europe, it is seldom used in the U.K. Mildew, the only prevalent foliar disease,

was much decreased throughout the season by an early spray of triadimefon, (14 May)'
A later spray (15 June) ha-<l very little effect on the disease. 'ME-125'had only a slight

etrect on mildew and wettable sulphur almost none, in spite of high temperatures' Plots

again tended to have less disease if their neighbours had been sprayed with triadimefon'
b-ut effects were smaller than in 1975, probibly because plots were separated from one

another by guard areas.
Eyespoi ias moderately seYere. It was only slightly decreased 

- 
by triadimefon but

.pruyr *"re perhaps appliid later than the best date' Take-all and brown foot rot were

b^oth slight uoO ,ot 
"tf."t.a 

by treatments. Yield was increased by the early sprays of
'ME-125', even though they hid little effect on disease, and by the early, and early plus

late sprays oftriadimefon. (Jentyn and Prew)

Eyespot on winter nhert Yrrieti€s. Out ofthe eight wheat Yarieties grown in the Rotham-

stld variety trial after wheat the semi-dwarf Maris Fundin was again the most attacked

by 
"y".poi, 

but the other semi-dwarf, Hobbit, was no more- infected than Cappelle-
pesirci ia.UenOazim applied on 2l May (later than intir{ld 

-because 
of persistent

win&t) decreased eye.poi o, all varieties, but increased yield of none' Take-all was

,*rJ, but all varieiiei were badly infested by blackgrass (Alopecurus myosuroides) arrd

yields averaged only 3'gZ tha-t. (Slope and Gutteridge, with Mofntt, Farm)

Take.ru dis€as€. In these reports the following abbreviations are used for simplicity:

Gaeumannomyces graminis vat lritici: Ggt;
G. graminis Yar graminis: Gggi
Phialophora radicicola var radicicola: Prr;.
P. radicicola var graminicola : Ptg.

Efect o! phosphate Iertiliser on tshe-all o, wheat, From. 1960 the three series of the

neiloual i'hosplate eiperiment were croppld in rotation with swedes, potatoes, barley,

but successiveiheat ciops are oo* gro*o after the last barley on each series' In April
take-all was scarce in thi first wheal after barley (Series I), but commotr in the second

(Series II) and third (series III) wheats. Much of this infection was unusually severe for
ihe time of year but subsequenily few new roots became infected (presumably because of
the hot, dry summcr), so Ly Juiy infection was still mostly restricted to seminal roots'

Neue.tneteis, the crofs on Se.iei II and III showed symPtoms oflake-all damage after

ear emergence and yields were decreased, especially where P was deficient' Large amoutrts

of p fert'iliser decreased take-alt in the second wheat after barley but had only small

effects in the third wheat. Grain yietds decreased with successive wheat cropping at all

amounts of p but the fall was laigest where P was deficient. However, the coincidence

of take-all and yield was not coniistent enough to suggest that take-all was the only

factor, associated with successive wheat cropping, influencing response to P fertiliser'
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Even so, it is clear that farmers would be in advised to risk shonage of p where growing
wheat after wheat. (Slope and Gutteridge, with G. E. G. Mattingiy, Chemistry "Oepartl
ment)

Ftidemiology of take-aU. Assessments of take-all in field crops made by recording
lesions visible to the naked eye provide an acceptable ."aror" oi du,nage done to thJ
crop assessed, but we have long doubted their value for measuring poteitial inoculum
left in the soil on crop residues. These doubts were confirmed by 6ur work on take-all
aft€r leys: first wheat crops after lucerne and grass leys had similai amounts of take-all in
luly (<5)l plants with lesioned roors) but soils taken from stubbles in september were
much more infectiye to wheat seedlings (in assay experiments) after lucerne than after
grass and second wheats after lucerne were more attacled by take-all in the fiel d (Rotham-
sted Report for 1975, Pan l, 255). These differences were associated with, probably
caused by, differing populations of the root infecting fungus prg. To be able io define
when.and how Prg affects populations ofthe take-all iungui Ggt ie need a better under_
standing of the development of the take-a[ fungus thuo *" u"iieu" by assessing take-all
Iesions. To this.end a preliminary study was begun in 1975 on a firsi wheat ciop after
winter oats. Soil cores taken at intervals during crop growth and from stubblei after
harvest were assayed for infectivity by sowing *ittr wt eat grown on for five weeks in a
growth room at 15/10"C day/night temperature. AIso, on eich occasion the roots of two
plants taken close to the position ofeach ofthe 50 cores were examined for take-all lesions
and a 1.5 cm piece cut (2 cm below the seed) from the oldest semitral root on e""n pf""i
was surface_sterilised and plated on potato dextrose agar (pDA). As expected, few piants
had take-all lesions and Ggt was isorated from very-few root pieces inever-more than
3_l);-b,t the soil assays showed that.infectivity increised to a peak do.ing lat. Jr;J;it,
then fell, so by late September infectivity was no more than in Ufay eabie 2A). This raie

TABLE 2
9l/heat seedling assay of take-all inlectivity of soik, and the hcidence of roke_alt in

winter N)heat after oats.
Crop

Mav
6

July Au8.June

Stubble

A. First wheat after oats (1975)

% soil cor€s with inf€cted seedlines
No. of infected roots (50 cores) -
% field olans wIh tale-all

B. First wheat after oars (1976)

% soil cores wiah infected s€edlines
No. of infected roots (50 cores) -
% field planrs with take-all

C. Winter oats afte. barley (1976)

Z" soil cor€s with infected s€edlin*s
No. of infected roots (50 cores) -

30
l8
I

Mar.

l0
ll
3

92
3t7

921
60 74
123 t7663
May June
to7
malt6 155
05

8E
270

t45
7464.

261 t738-
June July
2Am
68m
tzt 3734

u5

Aug. Sept. Scpt.
l8 r 29
46 52 l889 r20 57

Aug. Sept. Sept.
9627
ul4mlo7 24 58

6a74
2t tg

(oat ptan rs nol dia gpooff 
LfoJtake-alt 

tesions)

of fall was greater than expected so the study was repeated on a first wheat on another
site in 1976 (Table 28) and soil from a vinter oat ciop after barley was also sampled
(Table 2C). The pattern of infectivity in the wheat soil rvas simirar toihat in 1975 bui, in
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sharD contrast, the initial large infectivity in the oat soit fell only slowly so that by early

September infectivity was larger after oats than after wheat'
--io-ts76 

t"t"_utt was s[ght in the second winter wheat on thc lg75 site and previous

^."avs 
ofsoils in Septembei indicate that a following wheat crop will be severely attacked

*n.i. OO-to l" of ioil cores infect seedlings but only lighrly- attacked where 10-20 %

iJect seeatioii. If these results apply generally, it seems that wheat crops in 1977.may be

--*" ui ,irt i.o,, take-all after-; one-year break than after a previous wheat but our

of".l"oo with the assay technique is not enough for us to make this disturbing pre-

di;tion with confidence. (Slope, Gutteridge and Henden)

Biologicat contol of hke'all. Most rePorted experiments in whi.ch Prg has dccreased

.ootlJi"tioo by the 
-take-all 

fungps Ggt, have been done on seedlings using introduced

ilocul"rn of Ggt. To test whethir Prg is effective on more mature plants and against

,"t"i^i p"ptf"tL* of GgI, soils werelotlected in February 1975 from four contrasting

"i"p 
*q'r.'r*t of the'wf,eat after Intensive Badey' experiment on Little Knott field:

Soil l97l 1972
A W7r Fallow
Bw6w7
cw5w5
D Wll Wl2

1973
Beans
Fallow
w7
wl3

1914
wl

B€ans
Fallow
wl4

1975
w2

Beans
Beans
wl5

'w:winterwhcat;rrumberaftcrsymbolisthenumbelofcons€cutivewheatorbarleycrops.
Soils were sieved and half of each mixed with an inoculum ofPrg prepared by mac€rating

iOOi"rt tut" PDA cultures prepared during 1974 from 'rarious field samples in 6'6 kg

"teriti.ea 
sana leight parts soil: one part inoculum by weight)' Soils.were potted in 12 cm

;;;;; ;;tr, ;;n -ith sp.ing *hiat cv. Kolibri on 25 March and kept in an unheated

gf".rfr.".'". pf'"rt. f.om halitheipots *ere examined in June ($owth stage 10'5' flowering)'

TheremainderweregTowntomaturity;afterharvestthestubtleswereinvertedineach
pJ"ro r.t.*" o, 2iOctober with winter wheat cv' Cappelle-Desprez These plants were

[i".i*A on 20 May 1976 at growth stage l0 (in 'boot') Roots infected by Prg werc

r*i"" io ,olt ,"itftout inoculum-, but comrion in all with inoculum in both years' Adding

;;;-.;;;; fi"-all on seminal and crown roots in soils A and D taken from wheat

;;. i;k;-"[ aid not develop in soils B and c taken from bean crops' so we gained no

i"fJr."ti". on the ability of Prg to suppress the build-uP of-Ggt' Take-all was more

"u.rJ"ri 
i, *if a than in the .taie-all deilne' soil D but Prg de,eased take-all in both

G;b; t ihi;."ises the possibilitv of gaining th€-benefits.of both, forms of biological

io"tiof 6f turc-afl, if large enough'populationi of Prg can be established in continuous

wheat soil. (Gutteridge and SloPe)

TABI,E 3

Effect of Prg inocttlwn on the percentage of v)heat rools with 
'ake-oll

without Prs with Pr8
seminal Crown s€minal crown

Without prs Witb hg
s€minal Crown Scminal Crown

6t 15 lo 2
000.40
0000
15 14 2 t

a !6 18 2
l0lo
1000

37 l0n6

Soil

B
c
D

Scveral fungi in lhe GaeumannomyceslPhialophora group were grown on- sterilfucd

pcrlite with nuirients and sown with spring wheat in a field experiment designcd to scrccn
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Cropping

1975 Spring wheat 1976 Winter wheat
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their ability to control natural take-alt. Unfortunately rhe hot, dry sunimer suppressed
'iisease development and even inoculum of a strongry pathogenic,-virus-infeaed'isolate
of Ggt caused only moderate lesions ou seminal rooti 

-of 
36 f of plano. The interest in

the experiment therefore tumed to how well the other ten isolaies, which comprised
weakly p-athogenic 94, prr, Prg and Ggg were able to colonise roots. Only one, an
isolate of Ggg (G5 without virus) seemed promising in this respect, over half ihe plants
exposed to it having one or more seminal roots colonised by readily visible runner
hyphae and swollen lobate cells in July. This may have reflected the unusual weather in
1976. 1977 will afford an opportunity to test their colonising ability in another season
and to assess the persistenc€ of 1976 inoculum. G5 was avirulent when compared with
GgI (isolate Ogl2) in wheat infection tesrs in pots. plants infected by Oili naa Zl%
more_ root axes but 80f of roots were lesioned and the plants stunted with blackened
leaf sheaths and yellow-brown older leaves. G5 plants, however, were green and twice as
healry(freshrreight) despite having 38.1 of theii roots colonised. (R-awlinson, Hornby
and Muthyalu)

Thc use of take'all dcclinc soil to decrease diseasc, In autumn r 974 a small experiment
was set up to test in the field the finding (pope and lJlolr'by, Annals of ApplUi tiology
(1975) 8r, 145-160) that small amounts of soit with take-all decline 1o ioit) aaoea to slit
in which take-all had not declined (U soir) decreased disease. D soil from'two Rotham-
sted fields (Broad-balk, section 9, plot 3 andwas added at 2.27 kgm-z (approx. Meadow)
l% b^v. weieht of the top 15 cm) to the seed-bed for a secorid winiei wheat crop on
Barnfield, where unimpeded take-all was expected. At this time the Barnfield soil ca-used
fe_wer_ infections (2'5% roots infected) in bioassays than either Broadbalk soir (l7zJ oi
Meadow soil (46f). Perhaps because of hot summers take-all never exceeded 5[ of
roots infected in unamended Bamfield soil in 1975 or in 1976. There was no evidend of
disease decrease in thl amended plots and the treatments did not affect yields. Take-all
in plots amended with Meadow soir differed little from unamended prois but the prots
with Broadbalk soil had significantly more infected roots (16.5f) in iuly 1975, bui not
in 1976. It seems therefore that in some combinations oru a"o b soils,ihe o soil may
haye an effect contrary to that intended. (Hornby and Henden)

Diseas: inreduced cultivstion systems. Injoint NlAE/Rothamsted experiments, previous
work (Rothamsted Report for 1975, part 1,25G257) has shorvn that tike_all at Rotham_
sted and Boxworth EHF, and eyespot at Rothamsted did not differ geatly with culti_
vations but that at Boxworth in 1975 the amount ofeyespot on the direJt drilied crop was
only about half that ofthe other crops. More detailed work on both take-afl and eyespot
was done on these exporiments in 1976.

- Take-atl profibs. In May, June and July soil blocks (30 cm deep x 20 cm wide along
the row x l0 cm thick) were taken beneath a row of winter wheat by pin board frori
ploughe.d (PL), chisel ploughed (Cp) and direct drilled (DD) plots. Thi joil blocks were
so^aked in water and deep frozen before washing, to improve r^oot recovery. Examination
of the root systems showed that at RothamsGd neitirer the amount oi roots nor rhe
incidence of take-all_differed greatly between treatments. At Boxworth a larger percentage
ofroots was iofected in rhe zones berow 7 cm on pL than on cp or DD cropi, particular-ly
at the earliest sampling date, though the total number of roots infected at iirese oepths
was small. The 0-7 cm zone contains a high proportion ofthe total root system and many
youDg roots. Although the greatest numb€r of infected roots were found in this zone in
all plots, exc€pt PL at the first sampling date at Boxworth, the percentage infection in
this zone was therefore small. (Prew and Bater)
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Eyespal' In March @oxworth) or April (Rothamsted) the number of straw bases on

tne ioii surface and the percentagi of these ihat produced spores of Pseadocercosporella

iiiiiiiioia"t in""incubated ii a damp chamblr at 10-'C were recorded. The incidence

oi iy"tpot on the wheat plants in Aprii was recorded for both sites' There were many

.oiLiira* tute. on the direct drilled'plots but a smaller percentage produced spores and

fewer plants had eyesPot. (Prew)

Efiects of root-infectiDg foDgi on Eorsport of mrtedsts in young whert plants' The-

ditr;t;il;; somi rooi-lnfecting firngi on wheat were described in the Rothamsted

["poi, fu tg7\,Parl I,248-249. Further ixperiments haYe.provided information about

.oot unutolny, shoot water content, ion upiake and distribution of assimilates as in-

i"ction. O"ueiop"a in wheat plants grown in sand for five weeks'.lrreobasidium bolleyi

p.o.trateA seminal roots moit rapidly and within one week colonised and disrupted the

ir"t" ,.u. the ap€x and killed thi mi.istem. Photosytrthetic assimilates could not enter

in"." ioot. una io u"tiYe ion uptake and root growth ceased ln the shoots the subsequent

a."r"ut. in K content may have decreased water content by affecting the osmotic poten-

tial of leaf cells. The death of seminal roots stimulated production of new crown roots

do.ing th" ,""ond und subsequent weeks, possibly because assimilates were accumulating

ai itr"""to*n. ,1. ar eyi invadid only the ePidermii ofthese crown roots, which functioned

normally and aided rapid recovery of the plant'
--- 

coeiir*ro^yr"s giaminis alsi p.n.trit.d the stele of seminal roots within one week

urt tio"i gro"in aid ion uptake'were unaffected. After another three days' however'

"U-ri" 
plf"oern bundles had'been destroyed (xylem strands remained intact until the

;;;h;*k);d photosynthetic assimilaies no'longer entered the _infected roots. Con-

."orran,lu .oot elongation and the uPtake of P and k ceased but the passiYe uptake of
irli 

""a-'c" 
*"iir,i.a. sloot dry weigbt aod wal€r content were-decreased and auto-

.niiogtupns showed that assimilites were redistributed to newly formed crown roots'

i;li;itih;.; ioo were rapidlv colonised and infected plants grew little but during the

fifth week there was some recovery and shoot groMh increased, although infected plants

remained much smaller than controls.
The etrects ol FuJa rium culmorum could not b€ explained by phloem disruption, which

did not occur until the fourth week, whereas within one week from sowing infection had

i"Or""O f 
"ont 

ot, shoot dry weig'ht and water content, and the dry weight of seminal

;;;i;. n tt lossitte tuat a pirytot6xio was involved' Production of cro\\'n roots began

;;;;;;ir#;J;*k but initially thev were infected rapidlv' Most of the K and P taken

;;-;;;;;"J i. the roots and shoots grew poorly' Some recoverY occurred during the

f6urth and fifth weeks when new uninfecied crown axes were able to translocate minerals

io ttti ,ftoot. but infected plants remained stunted' A phyotoxin-may also have been

."tp.r.-iui" l"i ifr" .tt"at of Cochliobolus sativas Although this fungus colonised the

rt"ie ln tl" fifth week, it did not disruPt the phloem during the experiment or alter the

&;t;,;; of ptrotosynthetic assimiiates. irowever during the first week infection

decreased root and shoot dry weight, X uptake and shoot walet content' New roots were

pi"Or*J 
""a "ftnough 

ttrey beime inficted plants generally recovered and after five
'*""t. iio ."t aif"r ii ory weight from controls, although rhe shoot K content was less'

(Fitt and HornbY)

Imrge onalysis of rerid photogsPh. Aerial photogaphs of-Rothamsted Farm were

pro;dJbi the Ministry of Agdiulture's Aeriil Photo$aph Unit at Cambridge, from

f,ignt, .uO" io fofy 1975 and 1i76. photographs of selected expeimental barley sites on

b6.k il white infra*ed and black and white panchromatic film were analysed using

the Quantimet 720 ImagE Analysing ComPuter.
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In an experiment on nitrogen and foliar disesses in 1975 a linear relationship was
established between brightness on a black and white infra-red photogmph and individual
plot yields. No correlation existed between brigttness and yield on black and white
panchromatic photographs. Similar results were obtained in 1976, when plots treated
with tridemorph fungicide to control powdery mildew were brighter and had higher
yields than utrtreated plots. Cfurner and Finney)

Diseases of gress end forege crops

Yirus disecses of grasses

Boley yellow dwad rd,rus (BYDY). Samples were received from ADAS as part of a
continued survey of viruses in ryegrass (Rothomsted Report for 1975, Part l, 251). Ten
samples sent from each of ten fields (five perennial and five Italian) were bulked, potted
up and infested with a mixture of the possible aphid vectors Rhopalosiphum padi, Macro-
siphum (Sitobion) avenae ar.d Metopolophium festucae.

BYDV was isolated from all regions except the north of Scotland and most infection
(701) was found in S.E. and S.W. England. R. padi was the most frequent vector in all
regions exc€pt S. Wales and E. Midlands and the severity of the BYDV isolates was
similar in all areas. This shows that grass differs little as a reservoir ofBYDV and suggests
that the more frequent occurrence of seyere -R. padr-transmitted isolates of BYDV in
cereals grown in the west of Britain is due to the effects of weather on aphid biology and
that the potential for severe infection of cereals also exists in eastern areas. (I-ennon and
Plumb)

Ryegass mosaic irus (RMY). Cutting removes most of the mite (Abacarus hystrix)
vectors of RMV but less than six weeks after a cut in July, l5 mites per tiller occurred on
unsprayed plots of perennial ryegrass cv. S.24. Plots sprayed once (endosulphan after
cutting, May, June or July) bore one p€r tiller; those sprayed monthly had none. By
Octob€r unsprayed plots contaiDed more than 100 mites per tiller, those sprayed once
39 per tiller and those sprayed monthly one per ten tillers. Some individual tillers in un-
sprayed areas had more than 800 mites and showed signs of direct damage. These figures
suggest a mean generation time between August and October of 2-3 weeks on unsprayed
plots.

In contrast to cv. S.22 where fewer mites occurred on infected plants (Rothamsted
Report for 1975, Pan l, 258), there was no difference in the mean numbers of mites on
naturally infected cv. S.24 in October. Healthy plants bore 43 per tiller while infected
plants had 52 per tiller.

An average of 19 mites per tiller occurred in September 1976 on a range of Italian and
perennial cultivars sown in autumn 1975, and cut once, but the same cultivars open sowr
in April 1976 and uncut, bore only one per tiller. However, when undersown in spring
barley there were 15 mites per tiller. We also confirmed that mites prefer the tetraploid
perennial cv. Reveille, which bore almost ten times as many mites as the diploid cultivars
Endura and S.24. (Plumb and Gibson)

Chemicat corttol of mite tectots. ltali n ryegrass cv. S.22 and perennial ryegrass
cv. S.24 sown in May 1975 grew slowly because of dry conditions and were cut for the
first time on 26 November. The worst lelds were from plots that had not been sprayed
with the acaricide endosulfan to control the mite vectors of RMY. Spraying in July when
there was little $owth and good penetration of the spray increased the yield of S.22 by
l2l and 5.24 by I 9 l. Spraying monthly from July to ftober, although decreasing mite
numbers (iotlranrsted Report for 1975,Part l, 259) had no additional effect on yield.

265

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-133 pp 19

ROTHAMSTED REPORT FOR 1976, PART I

In spring 1976 there was little RMV in S.24 bvt 4O'% of uNprayed S.22 showed
symptoms, compared with l2f when sprayed in July or monthly from July to October.
S.22 yielded l0l more (mean of 2 cuts) in 1976 when spray€d monthly than rvhen
unsprayed. S.24 sprayed in July 1915 yielded 7-8\ more than unsprayed.

In October 19'16 24% of unsprayed S.24 was infected with RMY compared with 7 %
when sprayed in July or monthly. These rcsults suggest that useful increases in yield may
result from early treatment to kitl mites and restrict RMV infection. (Plumb and
Gibson)

Clotus of perea al ryegruss resistant lo RMy. The method of selecting, from within
cv. S.23, two clones of perennial ryegrass resistant to a Rothamsted isolate of RMV has
already been described (Rothamsred Report for 1975, Part l, 258). In a subsequent test,
ten isolates of RMV, obtained from naturally infected plants collected in England, Wales
and Scotland, were manually inoculated to plants of each clone and to unselected S.23.
All isolates produced symptoms on S-23, infecting 56 out of 100 plants, but no symPtoms
appeared on p,ants of either clone. In backtests to S.22, 126 plants were inlected out o
180 inoculated from S.23, but only four and five of each 180 inoculated from the two
clones. No particles were found, using electron microscopy, in the clonal plants from
which infection had apparently been derived. This occasional appearan@ of infected
plants in the backtests from inoculated plants of the two clones suggests that, although
they resist a range of British RMV isolates, they are not completely immune. Plants of
the two reslstant clones have been planted at nine sites in Britain to test their resistance
to RMY and their susc€ptibility to other diseases. (with Dr. A. J. Heard, Grassland
Research Institute)

In the first year of a small autumn-sown experiment at Rothamsted, one of the clones
yielded as much dry matter as unselected S.23, \xhereas the other clone yielded only half
as much. In spring-sown experiments, plants ofboth clones often appeared less vigorous
than unselected S.23 plants.

In comparison with unselected S.23 seedlings, fewer seedlings obtained from crossing
the two clones became infected when sap-inoculated with the Rothamsted isolate of
RMV. The progeny of resistant plants that did become infected usually took twice as

long for symptoms to show, and even six weeks after inoculation less than half the tillers
of infected plants had RMV symptoms whereas more than 90% of unselected S.23 had
symptoms on all tillers. (Gibson)

Virus diseas€s of cloYers

Red clover tucrotic mosaic irur (RCNMY). This virus, first reported in Czecho-
slovakia, is known to have occurred in Britain only once, at the Grassland Research
Institute in 1972. This year it was identified in all the red clover cultivars sown in 1974 and
1975 at the three Scottish Colleges of Agriculture, Edinburgh, Ayr and Aberdeen, in
some at trials centres of the National Institute of Agricultural Botany at Cockle Park,
Northumberland, Trawscoed, Wales and Seale Hayne, Devon as well as in scattered
crops in Scotland and at Cambridge. The effects of the virus were severe and infected
plants v,,ere stunted and distorted. L€af symptoms first appear as veinal chlorosis, followed
by necrosis which may afect the whole leaf. Leaves are smaller than normal and may be
wrinkled. In the severest cases plants are killed.

The virus has a spherical particle 30 nm in diameter, oc.urs in large concentratiom in
sap of infected clover and produces chlorotic local lesions followed by veinal necrosis
when manually inoculaled. to Phaseolus vulgaris cv. The Prince. The identity of the virus
was confrmed in serological tests using an antiserum prepared in Sweden (Gerhardson &
Lindsten, Phytopathologische Zeitschrift (1973) 76, 67-79).
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No invertebrate vecl.or is yet known although we have tested various aphids and
weevils. The virus is readily mechanically transmitted and this may be the most important
means of spread in crops. A seed stock which was us€d to sow plots which subsequently
showed infection with RCNMV was tested for seed infection. Of 1010 seeds germinated,
6'6 f showed virusJike symptoms but only 2'l % c-ontained spherical virus particles when
examined by electron microscopy. Subsequent tests by serology and inoculation to
indicator plants have not shown this virus to be RCNMV. (Plumb and Bowen)

Yitases in white clowr. Testing of samples from three-year-old plots of white clover
at Rothamsted revealed clover yellow vein virus in 2l f of plants (mean offive cultivars),
cucumber mosaic virus (see below) in 3l and white clover mosaic virus it 71. Clover
yellow vein virus appeared to be distributed over the whole experimental area but was
more corrmon in some cultivars (e.g. 5.184) than in others (e.g. 5.100). Cucumber
mosaic virus was largely restricted to the S.E. corner of the experimental area, suggesting
spread from that direction, and caused over 40\ infection in one plot. Red clover vein
mosaic virus was not detected although in a national survey made 13 years ago this was
the virus most frequently found. (Govier and Cockbain)

Cucamber mosaic fiius lrom white cbver. A yirus isolated from white clover caused
very small necrotic lesions on the inoculated leayes of Chenopodium amaranticolor b.ul
no systemic infection, and caused a systemic mottle it Nicoliana clevelandii. Mechanical
inoculations made with sap from N. clevelandii or N. tabacum cv. Xanthi-nc infected
N. tabacum cvs. Xanthi-nc and White Burley, cucumber atd Zinnia e/egazs systemically,
and C. quinoa and cowpea locally; tomato, French bean and two species of lupin were
not infected. The virus was transmitted non-persistently by the aphid M.yzus persicae ar,d
protected N, tabacum cv. Xanthi-nc against infection with a yellow strain of cucumber
mosaic virus. Purified preparations reacted with an antiserum to cucumber mosaic virus
in agar gel immunodiffusion tests. This appears to be the first record of natural infection
of white clover with cucumber mosaic virus. Attempts to infect white cloyer s€edlings by
mechanical or aphid inoculation from N. lqbacum cv. Xanthi-nc have so far failed.
(Govier)

P€stn dis€rs€s and root mycoflorr chenges in maize cropc et Wobur[, For six years
maize has been grown at Woburn in an experiment tcsting dazomet and levels of N
fertiliser. The crops remained remarkably free from pests and diseases for the first four
years and the 1975 (5th) crop had only low incidences ofcommon smut (0'l f) and stalk
rot 04n.In 1976, however, the incidence of smutted stalks in plots rar^ged ftom l'2%,
to ll.4% (mean: 3-7 \) in mid August but the treatments did not differ sigaificantly.
In the next month another I % of stalks developed galls in most plots. On I July 241 of
the plants in the experiment showed evidence of earlier frit fly attack; later some plants
developed purple sheath blotches and in mid-September one or two fallen stalks were
beginning to rot at breaks. The damage caused by common smut was probably not great
and the increased incidence of the disease in 1976 probably owed more to the hot, dry
summer than to monocropping.

Pteviots Reports (for 1971, 1973, 197fl rccord decreased populations of free-living
nematodes and consistent increases in yields where dazomet was applied to the soil at
450 kg ha-l annually in the autumn. In 1975 the root mycoflora of plants gown with
and without dazomet were compared and found to differ. Early in the season ,{rreo-
basidium bolleyi znd Epicoccum Wrpurascens were suppressed and Trichoderma viride
aggr. was increased where dazomet had been applied. (Hornby, with Barnard, Field
Experiments Section)
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Diseeses of greln legume

Solt-borne fungal rliseascs. Aware of the increasing interest in grain lcgumes and of the
disease problems that might arise if legumes were grown more frequently in crop rota-
tions, we b€gan a study of their soil-borne disease relationships. Peas, Zrtra beans,
Phaseolus beans and white lupins were grown in pots of six soils that had different
histories of previous Pr'sm, Vicia or Phaseolus ctops. Vicia emerged well in almost all
soils whereas pea ar,d Phaseolus emerged poorly in soils cropped previously with pea or
Phoseolus.In soil previously cropped with ,4cra the roots of this sp€cies were severely
diseased whereas the roots of pea and Phaseolus were healthy. Conversely, in soils
previously cropped with pa or Phaseolus the roots of these two species were diseased
whereas those of Zr'cr'.a were comparatively healthy. Lupin behaved like pea and Phaseolus.
Thielaviopsis basicola was the main pathogen on roots of pea, Phaseolus and lupin but
Fusarium oxysporum Md Plrhium species were also common. Irsartanr species and
Phytophthora megasperma were the main pathogens in roots of l/icra in 'vicia' soil.
Fusarium oxysporum and Pythium species were also present. Pea-cyst-eelworm and
stem-eelworm were not seen. (Salt)

Yins diseases of fiekl berrs (Yicia faba I.). Reliable assessment of the incidence of
viruses was not possible in most spring-sown crops at Rothamsted and elsewhere in
1976 because high temp€ratures in June suppressed Yirus symptoms and the drought
from May onward caused severe stunting and much wilting of the leates. Acyrthosiphon
pisum, the main vector of bean leaf roll virus, was common in May and June and 271
of Minden plants in irrigated plots without aphicide at Rothamsted showed leaf roll
symptoms early in July. By conrast, fewer than 8l of unirrigated Minden plants and
3'l of unirrigated Maris Bead plants showed symptoms at this time, possibly because

they were less susceptible but more likely because symptoms were suppressed. Symptoms
of two other aphid-borne viruses, bean yellow mosaic and pea enation mosaic, were also
relatively uncommon but both viruses were detected in a sample of plants that were
without obvious symptoms at the end offlowering. Seed-borne infection with broad bean
stain virus (BBSY) and Echtes Ackerbohnenmosaik-Virus (EAMV) was detected at
Rothamsted in plots grown for experiments with these viruses and in one farm crop but
the viruses seemed not to spread into crops grown from virus-free seed. The main vector,
Apion vorax, was uncommon except in a small crop alongside a field cropped with field
beans in 1975. (Cockbain and Bowen)

Observations on viruses and vectors in 'Factors Affecting Yield Experiments, I st Year'
are given in Field Experiments Section Report, p. 152.

Efects oliuecticides on seed infection. Lastyeat (Rorhamsted Report for 1975, Part l,
262) we confrmed that sprays of fenitrothion or malathion were more effective than
phorate granules in checking the spread of BBSV and EAMV in plots grown from an
infected seed lot. However, tests done this year on the progeny seeds showed that no
treatment had significantly decreased seed infection. The proportion of seeds that pro-
duced infected seedlings when sown in a glasshouse ranged from 0'71from plots
treated with malathion or fenitrothion and phorate to Z'2'% ftom plots treated with
phorate alone; the proportion from untreated plots was l'7 %. This was possibly because

BBSY and EAMV are transmitted most often through seeds set by plants that are
infected early in development and possibty the insecticides were applied too late (most
seedlings had emerged by 12 May but insecticides were not applied until22 May) or were
not sufficiently efective to check early spread. Furthermore, plants infected though the
seed were not removed and presumably produced some infected seeds.
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This year an experiment was done to assess the efects of roguing on seed infection in
plots treated with fenitrothion (applied three times at 0'74 kg a.i.ha-r) or fenitrothion
and phorate (3 x l'0 kg). Two seed lots were sown, one with 0'3 I of seeds infected and
the other with t %, and plants showing symptoms ofBBSV or EAMV were removed from
half the plots five times between 2l April (1-2 weeks after emergence) and 17 June (late
flowering). l. vorar was uncommon and only I I of plants in unrogued plots sown with
the low infection seed and 2 % with the high infection seed showed obvious symptoms of
BBSV or EAMV as the beans came into flower. Seeds from this experiment will be

tested for infection in 1977. (Cockbain and Bowen, with Etheridge, Insecticides and
Fungicides Department)

Persistence ol BBSY snd EAMY ia seed. Seeds stored for four years at I 5'C produced
as many seedlings infected .r ith BBSV or EAMV as had a sample from the same seed lot
that was germinated a few weeks after harvest. Possibly, like some other seed'borne
viruses, BBSV and EAMY persist in seeds for as long as the seeds remain viable. (Cock-
bain and Bowen)

Yiruses of dry berre (Phtseohu valgotis L.). The seed and aphid-borne bean common
mosaic virus and the aphid-borne yellow mosaic virus were isolated from several varieties
of P. rwlgaris arwoburn (see Soil Microbiology Department Report, p. 288). Symptoms
in different cultivars ranged from a mild chlorosis to severe leaf mosaic, leaf malformation
and dwarfing ofthe plants. In late July the proportion of plants with obvious symptoms
ranged from0.4l in plots of cvs. Redkloud and Tendergreen to 50-60 f in plots of cvs.

Linea l7 and Pompadour 2 (mean for all cultivars, 17 y). Plants of cvs. Purley King and
S-I6GA-N that showed symptoms yielded, respectively,2T ar.d 32f fewer pods and 24
and 301 less seed than plants without symptoms. (Cockbain and Bowen)

Pests rnd dsers€s of grain lupins. Details of treatments and yields in plot experiments
with Lupinus albus (Kievsky mutant) at Rothamsted and Woburn are given in the Report
of Field Experiments Section, p. 155.

Poor germination and damage by birds resulted in a much sparser stand oftr. a/brs at
Rothamsted (22 plants per 5 m row) than at Woburn (61 per 5 m row) and the plots at
Rothamsted, particularly those without aldicarb, were damaged more by weevils (Srlana
spp.). At both sites aphids (mainly Brachycaudus helichrysi aod Maroiphum euphorbiae)
were less common than at Rothamsted in 1975 and fewer plants were infected before
flowering with the aphid-borne bean yellow mosaic and clover yellow vein viruses.

In July it was again dimcult to distinguish wilt symptoms caused by clover yellow vein
virus, Fusarium oxysporum and drought. The roots of wilted plants usually looked
healthy but a red-brown vascular discoloration was frequently found whetr the tap-root
was split longitudinally. From these plants both clover yellow vein virus and F. oxy-
sporum wete usually isolated. Lupins that wilted in pots after inoculation with virus
exhibited no vascular symptoms. (Cockbain, Bowen and Salt)

Disecse of &assica croP

Incidence of rliserses of winter oilseed rupe (Brassica r4Prrs ssp. oleifera) it 1976. The
incidence offoliar diseases was recorded on samples of 50 plants, taken in late May-+arly
June, from crops ofcvs. Primor, Rapora, Expauda and Victor on 12 sites in Hertfordshire
and Bedfordshire near to the sites surveyed in 1975 (Rothamsted Report fot 1975, Part l,
264).

Light leaf spot or leaf scorch (Pyrenopeziza brassicae imperfecl state Cylindrosporium
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concenfiicum) was t*alded on 2O\ of all plants examined, dowty mildew (Peronospora
parasitica) on 36\ a,.d, Botrytis cinerea oa l0l. The lower incidence of leaf scorch and
downy mildew compared \vith that recorded in 1975 (41 and 57% respectively) doubtless
reflects the much drier weather this year. However, even in the absence of much rain-
splash dispersal, which is presumed to be important for the spread of Pyrenopeziza, its
incidence on some sites was surprisingly high, e.g. 58,1 in a commercial crop of cv.
Primor. There was much variation in incidence on different cultivars, most (60 ZJ being
recorded on an experimental, third consecutive crop of cv. Victor (a cultivar hitherto
regarded as relatively resistant to leaf scorch) at Rothamsted and least (2y) on cy.
Rapora. Variation in incidence on the same cultivar grown at different sites was also
narked, e.g. 8-58 f on cv. Primor. The high incidence at some sites shows that inoculum
can persist and the disease continue to develop even during a year of severe drought,
suggesting that it could quickly become a serious problem again during a wet season.

Incidence and severity of leaf scorch at the rosette stage (February) were unreliable
as a basis for forecasting. Grazing by pigeons was severe in the early part of the year and,
coupled with the exceptional drought and weed infestation, spoiled one ofour experiments
completely.

Efeas of herbicitlcs on disease, Records taken from crops growing in ADAS Eastern
Region weed control trial sites confirmed last year's experience that most leaf scorch was
associated with the use of herbicides containing dalapon and least with those containing
carbetamide. Scanning electron micrographs ofleaves taken from thesc sites in February,
at least three months after the application of herbicide sprays, clearly showed less
cuticular wax on leaves treated with dalapon compared with those given propyzamide or
carbetamide. Similarly, leaves of plants grown under simulated autumn conditions of
temperature, humidity and light intensity, examined two months after the application of
dalapon (3 kg ha-1 equivalent), and thcrefore affected only by translocated herbicide,
vr'ere up to 661 more wettable and had up to 55 I less wax by weight per unit leaf area
than unsprayed plants. The methods used to measure wettability and wax were those of
A. M. S. Silva Fernandes (Annals of Applied Biology (1965), X,297-304).

Sfudies n Pyrenopeziza brassicae. Exp€rimeots on cvs. Eurora and Primor showed that
spores applied to leaves in water droplets deposit over the anticlinal walls of epidermal
cells. Under simulated autumn conditions (5-8'C, high humidity, low light) they can
complete a cycle from penetration to sporulation in one month, although the process
usually requires longer. Only a small proportion of spores applied to leaves germinated
quickly; most remained ungerminated for at least three months. Leaves treated before
inoculation with either a non-ionic surfactant or dalapon, or subjected to mechanical
damage, all developed more pustules than untreated leaves. Most efficient inoculation
was achieved by a spore suspension applied under partial vacuum to seeds about to
germinate. On leaves, inoculation using sporcs was more effective than discs of agar with
mycelium, and drops of spore suspension confined within small plastic domes secured to
the leaf with lanolin were more effective thatr unprotected drops, suggesting that free
water rather than high humidity alone is required for optimum iDfection. Spores pro-
duced very little superficial mycelium over the surface of the cuticle; germ tubes up to
tkee times the length of the spore produced small appressoria, penetrated the cuticle and
produced long 'runner' hyphae under the cuticle before forming 'plate mycelium' and
acervuli which later break through the cuticle to sporulate. Infection hyphae penetrated
between the anticlinal walls of epidermal cells but never through ce[ wa[s. Initial
penetration was not through stomata or related to the vein structure of leaves atrd, as in
ttre field, disease symptoms and areas of sporulation were distributed according to drip
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pattems on leaves. Some leaves curled naturally at their tips forming depressions which
held run-off water, and in others the tips of lobed leaves had su <en stomata and fewer
rodlets of wax than surrounding areas of the lamina. These features might dispose leaves
to infection.

A comparison of all methods of treating and inoculating leayes indicated that cv.
Primor was naturally more resistant to infection than cv. Eurora. (Rawlinson, Muthyalu
and Tumer)

Clu,broot (Plasmodiophoru brasicae). The experiments on effects of systemic fungicides
and glo\Mth regulators on clubroot of cabbage were continued, many compounds being
tested including most of those tried last year (see Report, Insecticides and Fungicides
Department, p. 178). Dl-ethionine (0.5 f sprays) sometimes increased the weight of tops
though not to equal that of uninoculated controls. More often, the weight of clubs was
decreased, especially when plants were sprayed two to three weeks after inoculation.
(Macfarlane, with Mclntosh, Insecticides and Fungicides Department)

Potato diseses

Last season was considered 'exceptionally difficult' for the potato crop but this s€ason
nearly proved disastrous. Soil conditions were ideal for early planting atrd strong emerg-
ence, but lack ofrain soon put crops under stress and, apart from one period of l6 mm in
June and one of 36 mm in July, there was no rain of consequence from planting until
early September. Soil temperatures at tuberising depth often exceeded 20'C for 12 h or
more from mid-June until late August and during late June until mid-July sometimes
exceeded 24'C for 15 h or more.

Unirrigated Pentland Crown withstood these conditions well (yield 35 t ha-l) but King
Edward was particularly affected. Yields were low (24 t ha-t\, tubers small and often
badly damaged by cutworms. Stolons developed from the apex of some tubers to form
another generation of tubers (chain tuberisation) or, late in the season, aerial shoots.
First-formed tubers in the chain became rubbery, glassy and inedible, or degenerated.
From September soils became increasingly wet and lifting was difficult and inefficient in
muddy conditions on some plots. Tubers not harvested could establish large ground-
keeper populations, although this could be mitigated by the frosts experienced in Decem-
ber, wbich were severe enough to freeze up to 501 of tubers in plots that had not been
harvested.

Brcterirl soft rot
Undergouad spread a/Erwinia carotovoruar. stoselltica. The main source of inocu-

lum for contaminating progeny tubers is considered to be the disintegrating seed (mother)
tubers, which rot at differetrt times during the gowth of the potato crop. To simulate
degeneration at different times, partially spent mother tubers (recovered from a growing
crop) were inoculated with a serologically specific strain of var. otrosepticaand placed by
the side of seed tubers of plants in the field at monthly intervals from June to September.
Plants were dug two, four and eight weeks after placement and at a final harvest and the
progeny tubers assessed for bacterial contamination to determine when most bacterial
spread would have occurred in 1976 and how long rotting tubers remain an inoculum
source. The first spread to be confirmed was on ? September in the eight week sample of
the July and four week sample of the August placement, which coincided with the end of
the prolonged hot dry weather. Spread was also detected in the two week and seven week
(final harvest) samples of the September placements. Although progeny tubers from the
June placement did not become contaminated during the first eight weeks, spread had
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occurred by final harvest (20 week) when the serologically specific strain ofvar. alro-
septica cnrrld stitl be isolated from the remains of the placement tubers and from soil
immediately surrounding them. (Harris and Lapwood)

G&grene (Phoma exigua tt. foveaa)

Det.ction ofthe pqrhogen in soil. In several experiments, slices of Arran Banner tubcrs,
which have been used in testing field soils for natural infectivity, were inoculated with
soils containing known concentrations of pycnidiospores. Slices appeared to increase in
susceptibility with increasing time of storage of the test tubers and were generally more
susceptible than in 1974. Concentrations ofless than 102 spores 51 were readity detected,

despite occasional latent infection of the test tubers, compared with eisting agar plate
methods which will just detect 103 spores f1 soil. A comparison between the tub€r-
wounding test and the potato slice test showed the latter was more sensitive when popu-
lations ofthe pathogen were small.

Swtival in soil. Non-sterile loam inoculated with pycnidiospores was stored at 5, l0
and l5'C. When tested on Arran Banner slices more than a year after inoculation, the
pathogen was no longer detectable in the soil stored at l5'C, populations at l0'were
small, but at 5' were still large. Inoculated soil placed in l5 cm long glass tubes, buried to
the rim in the field in February 1976, stiu had detectable populations of the pathogen'

using both agar plate and Arran Banner slice methods, in October, after an excaptionally
hot, dry summer. Other experiments showed that populations declined much more
rapidty in soils held at field capacity than in those at c. 15% field capacrty or air-dried.

Tabet trufidry, woand healing atd susceptibility. In 1974 and 1975, King Edward
tubers were lifted on various dates between early September and mid-November, given

wounds of uniform depth and cured for periods of up to 2l days at l5'C. Wounds were

inoculated either before or after curing and gangrene development assessed after a p€riod
of cold storage. When inoculated after seven days' curing very few wounds on tubers of
any harvest date became infected. Inoculation of wounds before curing, or after three
days' curing indicated that the later tubers were harvested, the more susc€ptible were their
wounds and the more slowly they cured. These and other results at Rothamsted indicate
that crops burnt offand lifted early should develop less disease in store. (Adams)

Effects of Yerticillfum d4hliae ,nd Globoderu rostochicnsis intersction In earlier experi-
ments death of haulm caused by V. dahliae ar.d G. roslochiensis was delayed and yields
greatly increased by treating soil before planting with methyl bromide, aldicarb or
benomyl. In 1976, plots untreated or fumigated with methyl bromide at 196 or 975 kg ha-r
were planted with Pentland Dell or Pentland Crown seed. Plant emergence, hauln
senescence and ground cover were recorded weekly and plants were sampled on five
dates at three-week intervals to measure leaf area and yield. Methyl bromide at 975 kg ha-t
delayed emergence and early gowth of both cultiyars but these phytotoic effects had
disappeared by mid-July. Tuber production and bulking were also delayed especially in
Pcntland Dell. In both cultivars methyl bromide at both rates increased plant height by
301 and doubled yield in mid-September.

On all dates leaf area of Pentland Crown plants was less in untreated than treatcd plots
but haulm appearance was similar until mid-August when plants in untreated plots
senesced; yields from untreated plots were not less than from treated plots until mid-
September, the two rates being equal in all these respects. Pentland Dell in untreated
plots showed symptoms of haulm senescence at the beginning of July, tuber bulking was

272

https://creativecommons.org/licenses/by/4.0/


This work is licensed under a Creative Commons Attribution 4.0 International License.

https://doi.org/10.23637/ERADOC-1-133 pp 26

PLANT PATHOLOGY DEPARTMENT

slow and plants were dcad in mid-August. Methyl bromide increased leaf area, delayed
hauLn senescencr and in mid-September increased tuber numbers and yield ispeciatty
at the higher rate. (Hide, with Evans, Nematology Department)

Potlto md r€d b€€t sc.b (Streptomyces sp.). Potatoes growing in scab-infested soil at
Woburn were watered (to prevent scab) or not and samples of developing tubers were
examined during the first week of June to determine the effects of watering on the micro-
flora of the tuber surface. Examination of tuber periderm by scanning eiectron and by
light microscopy demonstrated the scarcity of actinomycetes and bacteria on the second
internode from the apex of a growing tuber. On older tissue from dry soil there was
extensive colonisation by actinomycetes and bacteria were presetrt in discrete colonies.
Tissue from wet soil had less actinomycete gro*th and bacteria were more generally
distributed. (Adams and Lapwood)

In a pot experiment, red beet plants were inoculated with a pathogenic isolate of
Strcptomyces at the susceptible decortication stage and sprayed with daminozide and
Dl-ethionine at three concentrations on one of three datei. On unsprayed controls and
on plants sprayed I I days before or nine days after inoculation, about 33/" of the beet
surface area became scabbed but when Dl-ethionine was applied one day bifore inocu-
lation at concentralions of 0.5 or 1.0%, the scabbed area was decreased to 13 and gl
respectively.. (Adams and Lapwood, with Mclntosh, Insecticides and Fungicidei
Department)

Tte use of fmgicides rgrimt tuber prthogens

Ttealment oI wqre tube^. On a farm.ngar Oxford, .Storite, (60% thiabendazole)
sprayed on to tu&rs was compared with thiabendazole applied is a smoke foi
disease control' After treatment, 30 and l7'l respectively of the thiabendazole applied
was lecovered from unwashed tubers. However, amounts of thiabendazole recovered
from unwashed- tubers are dependent on the amount and type of adhering soil.
ffter fi.v9 months samples of tubers were washed, examined foi diseases and analysed
for residues. With both methods of application, lZ% of tbe thiabendazole ap;Ue;
was recovered. Skin spot was preyalent on the untreated tubers and especialiy on
scuffing damage but the disease was decreased ten-fold by both treatments. The
smoke was less effective than the spray in decreasing silver scurf.

In collaboration with the Potato, Marketing Board, experiments at Sutton Bridge
Experim€ntal Station compared thiabendazole applied as i fog or smoke to tubers in
bulk and as sprays to tubers beFore storage-in boxes. Sample nets were distributed throuth
30-t-bulk stores_ at different heights and fungicides (hiibendazole smoke tablets; thi-a-
bendazole + chlorine fog, 'Tubazole' (thiabendazole fog)) were introduced through
ventilation ducts. Amounts of thiabendazole in washed tubers after storage indicated-a
fairly uniform lateral spread of fungicide but a decrease from the floor to ihe top of the
stack, with c. four times as much fungicide at all levels from smokes compared with fogs-
All treatments decreased silver scurf equally whereas skin spot was deireased by thia-
bendazole smoke and thiabendazole * chlorine fog but not by.Tubazole'. Both diseases
were least prevalent in the lower part of the bulk where amounts of thiabendazole on
tubers were highest.

Tubers stored in l-t boxes were sprayed at loading with .Storite'or thiabendazole +
chlorine and some replicates treated with tecnazene or chlorpropham to suppress sprout-
ing. In all treatments c. 9l of thiabendazole applied was recovired from ia*reA iu*rs.
Skin spot was decreased by 'Storite' and more by thiabendazole { chlorine; it was
further decreased by tecnazene but slightly increased by chlorpropham with both formu-
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lations. Silver scurf was decreased equally by the thiabendazole formulations and was
unatrected by either sprout suppressant.

Unfortunately gangrene, the main reason for using these fungicides, was not prevalent
in any of the experimetrts. (tlide, with Austin, Cayley, Davies and Lord, Chemical
Uaison Unit)

Trestuent of se€d tubers. Seed of four cultivars derived either from tuber selections
(FS certificate) or from stem cuttings (VTSC) was treated with 2-aminobutane or with
benomyl or thiabendazole and grown at Rothamsted and Woburn iD 1973,74 alJid75.
Seed derived from stem cuttings had slightly more stems (5.4 per plant) than FS (4'6)
at both sites and at Rothamsted yielded 7 )( more (5\ warc). Fungicides had no sig-
nificant eflect on the incidence of gangrene which was lower in plots from VTSC than FS
only at RothamstediJ. 1975. Polyscytal/m on tuber eyes after lifting in 1973 ar.d 1974 was
decreased by more than 801 by seed treatment with benomyl or thiabendazole and in
1975 the number of tubers with skin spot after four months storage was decrea*d by 5O\.
The disease was unaffected by se€d treatment with 2-aminobutane. Similarly, seed treat-
ment with benomyl or thiabendazole decreased the incidence of Helminthosporium on
tuber skin after liftingby 151 and in 1975 silver scurf was least prevalent in these treat-
ments. The disease was seldom decreased and in more than half the comparisons in-
crcased by 2-aminobutane seed treatment. All fungicide treatments decreased Xlt?oc-
tonia. (Hide, Adams and Bell)

Ilplake aad distribution ofthiabenda@le in polato shoofi and tubers, Thiabendazole was

taken up into roots, stems and leaves when applied to cuttings before rooting, mixed with
rooting medium, incorporated in the compost used for final potting, drenched onto soil
or sprayed onto plants (Rorhamsted Report for 1975, Part 1,271). It was found in the
flesh and skin of tubers, however, only when mixed with the potting compost.

In 1976 stem cuttings treated with thiabendazole by standing them in solutions con-
taining 0'01, 0'1 and 1'0 ppm thiabendazole for 27 days all developed lesions when
inoculated with Phoma exigua yat. Ioveata on the fourth day of treatment. Cuttings
treated at l0 ppm for 27 days or transferred to water on the fourth day immediately after
inoculation did not become infected. Autoclaved stem segments Plated onto malt extract
agar inhibited the $owth of P. exigua var. foveata o'0ly from shoots treated with 10 ppm
thiabendazole solution.

Rooted cuttings grown in peat/sand compost containing l, 10, 50 or 100 ppm thia-
bendazole and stem-inoculated wfih P. exigua vt. foveata dotelopd lesions in all treat-
ments. Amounts of thiabendazole in stems were lower than in shoots held in solutions of
similar concentration suggesting that much of the fungicide in the compost was un-
available to the plants. Thiabendazole was also found in tubers and aerial tubers.

To investigate the conditions under which thiabendazole is translocated to tuber
flesh, stolon tips, tuber initials and small tubers attached to Plants in pots were treated
with thiabendazole solutions. In contrast to detached tubers similarly treated, in which
fungicide failed to penetrate beneath the skin, (Rothansted Report for 1975, Part 1,271)
fungicide was taken up into the flesh of the young attached tuber. In other tests thia-
bendazole was found to be taken up into tuber flesh when the stolons of frcshly lifted
tubers werc held in fungicide solution. (Hide, with Cayley, Chemical Liaisotr Unit)

Sorvey of diseases of seed tubes. Gangrene was less prevalent in King Edward (KE)
seed in 1975-76 (fable 4) than in the previous year and fewer tubers developed the
disease after uniform wounding (l7ZJ. Skin spot, dry rot and powdery scab were also
less common but black scurf more common. Gangrene was more prevalent in Pentland
Crorvn (PC) than io 1974-75.
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TABI,E 
'Survey offungal diseases of seed tubers Qte-rcentage of .tuberc inlectedlpercentage of stocks

with intected tubers)

Examined
Kiog

Edward
Pentland
Crown

R SkiD spot (Polyscytalum pustulais) 45196 24190P cangreoe ( Phoma exisua) Sisl -j'iea
P Dry rot (Furarrrrn spp.) tht iiiiR BtiSht (Pbroph,horu inlest@,s\ li3t .1'noR Black scurf (Rhizoctonia solanil {itg9 il?aiR Powdery scab (Spongospru subrerraaea) B:l7E - iltllR Comm€n scab (Streptomyces scabies) 3};tg2 lr:l

No. of stocks cxamioed ,i9 -31-
No. of potatoes examined in each stock olr each occasioE 50 ;0

R : exaoitred at rec.ipt; p : exatnited at platrtiog

About one third of the samples received were from stocks known to be derived from
stem cuttings (FS l-4 crrtificate) and the remainder from tuber selections (certified or
once grown). Average incidence of gangrene, skin spot, silver scurf and black scurf was
similar in seed from both sources, confirming the need for measures to prevent the
increase in disease during multiplication from stem cuttings. (Hide and Be[)

TABIT 5
Sutvey ofE. carctovora ,ar. atroseptica conta ination of seed tubers (No. stocks confirmed

contamirratedl No. stocks testeo

Fs r_3 "'T#;*u 
Pentrand crc\rn

FS u2 titAA t7127 19:t23cc 0/t 2i2
Once grown 213 l,ll2

This year we were able for the fust time to monitor all 100 stocks in the seed survey
for bacterial contamination. Most tubers from all stocks could be induced to .;a bi
submersion in water for six days and, irrespective ofstock certification, Er)r., ia carotovoi'a
uar. a-trosepric_a was frequently isolated from them (fable 5) identified by gel double_
di i sion serology (Vruggink & Maas Geesteranus potato Reiearch (1975) lS; 54G55t.

To see if frequency of blackleg symptom expression was related to ihe iuber con-
tamination level 30 KE and 30 PC (teneach with atove, average and below average tuber
con9mination) were grown in plastic bags of soil sunk into the field. Despite i'ooding
the _bags in June (a reliable technique _in the past) no blackleg symptoms developei
probably because of the unusually hot, dry weather. (Lapwood -and 

Harris)
To determine if the numbers of seed tubers rouing by-mid-July were related to seed

stock, 25 tubers from each of 96 stocks (48 KE and 48 pc) were planted in the field. When
harvested the proportion of KE seed rotting (c. 16/") was similar for each certification
class but for PC, c. 201for FS or AA and c. 3}.lfot lower grades. Overall, about 12 /oPC a 4\ KE seed tubers were reduced to skin or were noi recoverable anA a furthii6f for each cultivar showed wet disintegating bacteriat rots from which isolations were
mada Erwinia spp. were identified in 33l of isolations from KE and in 50f from pC.
The numbers ofmother tubers soft rotting in July bore no relation to the Ievel-of Erwinia
contamination of seed found by laboratory tests.

Gangrene lesions were found on 4% KE nd 6\ pC seed tubers and phoma was
succcssfully. isolated from 5O\ PC and 25"/" KE of rots sampled. (Lapwood, Haris
and Adams)
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Forecasting storrge dis€3s€s. At the invitation of ADAS, Cambridge, we sampled 12

crops on farms in Beds., Herts. and Cambs. in August and at harvest 1975, to forecast

sto;age disease potential. After harvest, crops were stored on farms and samples were.also

stored at the Potato Marketing Board Experimental Station at Sutton Bridge, Lincs.
Disease levels (expressed in five categories relative to the mean for all farms) in farm and

Sutton Bridge stores usually agreed well; success in forecasting varied. Black scurf and

skitr spot wire correctly forecast for ten farms, assessments made in August being as

valid is those at harvest. Harvest samples gave a better indication for silver scurf but
forecasts were correct for only seven farms. Gangrene and soft rot assessments in August
or at harvest bore little relation to the amount of disease in store; gangrene levels after
storage were better related to damage at lifting. Good lifting and storage conditions
probibly had a greater effect on soft rot (which was rare in all stores) than amount of
inoculum on and in tubers. (Lapwood, Hide, Adams, Harris and Bell)

Potrto gomrtk€epeN. Fields in the seven-cours€ rotation at Rothamsted were surveyed for
groundleepers in July and August. Most (16 000 ha-l) were found where there were large

fopulationi in 1975 (Whitehorse 2) and the most persistent were on Gt- Knott 2 where

ioiatoes were tast grown in 1970 although no potato plants were seen in 1975. Ground'
ieelrr, *"re also found in plots on both ley-arable experiments (Highfield, Fosters)'

iu iheat since the potato crop in 1966. Stem bases had severe infections of Pollscytalum

and Ntizoctonid a;dtubers were infected with these and with Helminthosporium. Numbers

of groundkeepers were apparently not affected by the cropping history prior to the
potito 

".op 
nor by the imount of nitrogen applied to the wheat. (Hide, Bell and

Lapwood)

Potato virus itiseases 8t Rothrmsted. Our own King Edward seed was rejected when the

parent crop was found to be extensively virus-infected in 1975, so the 1976 experiments

we.e plantid with King Edward seed direct from Scotland and with Pentland Crown seed

grown at Rothamstedln 1975. When counts were made in late June each had 0'5f leaf
;otl and the King Edward had O'2%potato virus Y (PVY) PW was not detected in
Pentland Crown.-Aphids were numerous and much PYY spread to King Edward from
other more heavily infected sources during the season so that by mid-August many plots

were showing alrnost l00f infection. Even crops grown in isolation to provide seed,for

1977 suffered-early and exiensive aphid attack. Although phorate granules were applied-

at planting and the crop was sprayed with 'Metasystox' on 6 June, large populations of
apGrous iphids were found on the plants on 15 June. Tests showed that all the aPtera€

a'od .ote ihan half the alatae were iesistant to organophosphorus insecticides' By mid-

August more than 30% ofthe King Edward plants were infected with PYY and the crop

was- rejected as a souice of seed. The resistance of Pentland Crown to PYY limited

infection in the seed crop to 0'l .l. (Govier)

Strff anrl visiting workers

G. A. Salt relinquished his duties as Acting Head of DePartment on I February' when

E. Lester succeeded J. M. Hirst as Head. Catherine Martin and Janet Smith resigned and

Mrs. Patricia Parkins and P. J. Read were appointed during the year. Dr. Claude Ricaud,

Mauritius, spent a month in the Department and Beverley Jagger, Barbara Mawby, J.

Bater, R. Heath and P. Joyce worked April-Septemb€r as sandwich cours€ students.

N. White was awarded an ARC studentship for work on barley mildew and B. D. L.
Fitt continued as an ARC student. R. A. Hill and P. T. Gans continued with the support
of the Home-Grown Cereals Authority and the Potato Marketing Board respectively,
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the latter organisation also continuing its support of R. I. Harris in a rescarch post.
Dr. P. H. Gregory continued working at the invitation of the Lawes Agricultural irust
and organised a very successful Cocoa Phytophthora Workshop at Rothamsted in May
on behalf of the Cocoa Chocolate and Confectionery Alliauce.

S. J. Eden-Green continued his work in Jamaica on lethal yeltowing and A. J. Dabek
his work on virus diseases of taro at Rothamsted for the Ministry of Overseas Develop_
ment.

R. W. Gibson is spending eight months in peru at the International potato Centre
studying insect-trapping hairs of Solanum spp. as a means of biological control of
insects, including yirus yectors.

J. F. Jenkyn attended the l2th Colloquium of the International potash Institute on
Fertiliser Use and Plant Health, hcld in Izmir, Turkey, 9-15 May 1976 and presented
a paper entitled 'Iy'i rogen and leaf diseases of spring barley, .

-- 
J.,!u""y participated in a workshop on antigens in hypersensitivity pneumonitis in

Washington, USA, at the invitation of the National Institute of Allergy and Infectious
Diseases and visited institutes in wisconsin, Minnesota, Illinois and Louisiana concerned
with these diseases and with problems of fodder biodeterioration.

- f E*I also presented papers at an International Symposium on Streptomlces and
Nocardia inwarsaw, Poland, and visited the National Institute ofoccupational Medicine
to lecture at the invitation ofthe Polish Ministry ofHealth. Institutes aiszczecin, poland,
and Vysne Hagy, Czechoslovakia were also visited.

E. Lester attended the 28th International Symposium on Crop protection at Gent,
Belgium, to deliver the plenary lecture on plant pathology and plint protection.

Financial assistance from the Potato Marketing Board and the Home-Grown cereals
Authority is gratefully acknowledged.
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